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ABSTRACT 

^. ^ The report represents the efforts of two schools of 

higher education in northern Wisconsin to keep Lake Superior, the 
largest surface area, fresh water lake in the world, close to the 
condition it was in thousands of years ago when it was formed. The 
University of Wisconsin-Superior and Northland College have been 
studying, since 1972, water quality in the streams draining into Lake 
Superior from Wisconsin in the Ashland, Bayfield, Douglas, and Iron 
County areas. At Superior, the group responsible for the water 
quality study has been the Center for Lake Superior Environmental 
studies. At Northland College, the group responsible is composed of 
members of the biology, chemistry, and geography departments. This 
report is directed toward those people in the Bayfield county area 
who are interested in water quality. Included are comments on the 
present water quality of the south shore region, what kinds of 
interrelated decisions are going to have to be made in northern 
Wisconsin in the next ten years, an overview of national and state 
water quality standards, and a specific description of the water 
quality in Bayfield County. The report also identifies public 
interest groups and organizations that offer help on water guality 
problems. ;3T) ' 
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T\w iHn>plc oriuMlhcni Wisconsin are tortunate in that they live 
close to ilie largest surface area, fresh water lake in the world: Lake 
Superior. Lake Superior may also he the cleanest hike in the world, 
and probahly resembles closely the comlition it was in thousiuuls ot* 
years ago when it was tbrnieil. Any bmiy of water so clean and so 
cokl will also be frajjile in that it is possible for irreparabh* tMuiron* 
mental damage to occur unmniccd. Lake Superior could he degra- 
ded and changed ei>nsiderably and irretrievably before anyone de- 
tecttni sitjns i>f dannige. 

I'ortunaiciy, two schools of higher education in northern 
VViscorsin, fundeil by Title 1 of the Higher lulucation Act of 1%5 
have been studying, since ! ^)72, water qualiiy in the streams draining 
into Lake Superior from Wisconsin m the Ashland, Baylleld, 
Douglas and Iron t'ouniy areas. 1 hese two schools are the University 
of Wisconsin-Superior and Nvv;thland Ct>llege, Ashland. At 
Superior, the group responsible for the water quality stutly has been 
the Center for Lake Superior Knvironmental Studies (CLSESK At 
Ashland, the group responsible is composed of members of the 
Biology, Chemistry and Geography Departments, 

This is a report to those people in the four county area who are 
ir.terested in water quality; for water belongs to all of the people. 
Specifically, this report will include some comments on what water 
quality of the south shore region Iwks like now, what kinds of inter- 
related decisions are going to have to be made by the people in 
northern Wisconsin in the next ten years, an overview of national 
and state water quality standards and a specific description of the 
water quality in the four county area. 

Let us first consider the quality of the water in Lake Superior. 
We mentioned before that Lake Superior has very clean and cold 
water. The lake is geologically and biologically a young body of 
water, and the least studied of all the Great Lakes. There is very little 
data known relating to the winter season, al^out what lives on the 
bottom of the lake, what the eharacteristicr. of the bottom of the 
lake are, and what kinds of fish live in the deep parts or in the 
middle of the lake. It is true that Lake Superior is a delicate lake and 
disastrous changes can occur to the lake without being detected. An 
almost insignitlcant increase in the cloudiness (turbidity) of the 
water, for example, will result in significant food loss for fish 
because the organisms that fish live on will not be able to grow. The 
amount of solids in the water can also prevent some fish eggs from 
hatching. For instance, the Lake Trout has a long egg incubation 
jK^riiKl, as long as two or thi^ee months. If solids put into the lake by 
man smother the eggs, the Lake Trout fishing could be destroyed in 
Lake Superior, The lake biota is also sensitive to certain metals, such 



us coppor. u-on. lucivmy and /inc. These metals are poisonous to 

luTf!'^;?'? '''' This problont is eoinpoinulal 

h the taet t ha these metals will remain ii, the lake tor a lot m pcrio 
J I time due to Ms slow flushi.,« rate tthe rate at whieh the watl^ in a 

it T .r ^'"^'^'""'"'^'"^ *^»'«*>'^i^' '"ctals thai ra..«e from 2 to 

paits per million ean seriousis atleel a lish that is used to the 
elean water ol Lake Superior. Thai portion of the lake m os 
;";Poriani to ihe survival ot the llsh. the shallo. portion is s'! 
nearest to eenters of population and thus even n ore subjeet to 
man-made pollution. "^J*-*-' oj 

("oneeininjj water .lualitv. we usually think of five kinds of 
pollution: dissolved solids pollution twe mentioned whai effect this 
has on ,sh w'. w-hemical pollution (such as heavv metals which can 
n I , ^ f'' P'-<'l'l^''"s). oxy.,en depletion. baeieHal 

Mlut on ushen bacterial pollution is in.MHioneil in this booklet we 
are reternnii to fecal collform bacteria, which come from human and 
ammal waste), and thermal pollution. "u.iuinanu 

Osv^ucn thai is in solution in water is termed dissolved oxv«en 
aiul provu les the o.sygcn for respiration for tish and bacteria. 

iate. '-^ ^ ~> « '^"'-•^•^^i 

Nutrients from human waste, animal waste or surface runoff in 
tlu form ot oi-uamc matter may cause a reduction in the dissolved 
o.sy.«efi in the uaier because oxyyen is consumed when these 
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imtricnis atvikvoiu posed. Tlu^osyyvMi dd'icicncv rcsultlnji tVoin this 
dcawposifivni iiuiy kill fish or pivxcni them IVoni reprodueing. and 
also ivsuli in water tasie and iulor {M'ohlems. At tlrst gluuec, it 
appears beuetkial to ha\e more food in tlie lake, with the 
assumption that we would have mon fish, but let us lake a Knik at 
what eouUi happen to a very deep cold lake it' t'oiul is adde^l in the 
U)vm v>t orj»anie material. 1 he animal lite in the lake is aeeustoinal 
10 a low coneeiitratioii of t'oinl aiul it' the eoneentration would 
increase, the orJ^anisms wmdd use up more of the dissolved oxygen 
in tlie lake than under novmal eiivumstanecs. thus possibly 
depleting the ovyjjen eonient of the upiier layei*s of the lake. Some of 
the nutrients would settle to the bottom of the lake. These nutrients 
ciudd cause oxyjien to be used up on the lake botti^m. Since there is 
\crv little mixinij ot water layers in a deep lake, except in the Sprinjj 
and I'alK this oxvkicn depletion in a deep lake wuuld be relatively 
permanent. The ilopletion of the oxyjjen at the luMtom of tl^e lake 
wiHiUl kill deep water tlsh. (.)xygen depletion has occurred in Lake 
Superior in localized areas such as the Diduth-Superior hai*bor and 
near the moutli of the Montreal Kive!\ Several other rivers in the 
Wisconsin t.akc Superior Drainage basin are possible sources of 
oxygeti depletion. 

Bacterial pollution can be detected by standatxl methods and a 
clieck of Lake Sijperior will find that its bacterial count is low. 
Usually any great problems of bacterial contamination have occurred 
near some tributary of the lake. For instance, the St, Louis River, the 
Dulmh-Superior harbor area, the Ashland inshore area and portions 
of the Montreal River have had instances of bacterial pollution. 

Any lake thai lias water quality as high as Lake Superior does, 
must have relatively clean streams flowing into it. Studies by the 
l ille I Project carrieil out by the University of Wisconsin-Superior 
and Northland College bear out this conclusion. The general water 
quality in the rivers studied has been above state standards, except 
in one small stream heavily polluted by nitrates, and in some 
instances of bacterial pollution which we talked about concerning 
Lake Superior. Minor pollution problems exist along some stretches 
of \arious streams. 

What does all this talk of water quality mean to you? What 
kinil of a stake do you have in water quality? It is rather easy to 
answer the question if you are a sportsman or fisherman or if vou 
like to go swimming or if you drink the water, because people who 
use the water have a stake in its cieanliness* 

WHY NOT POLLUTE? 

What are some of the advantages of allowing water to become 
polluted? Wc could list them, they are largely economic and largely 
short-termed. If you ha\e clean water and you are a manufacturer 
who uses water iti the maiuitacturing process, the cost of your 
product will be less if you do not clean up your water because you 
can let polluted waste fluids flow down any stream into Lake 




Superior and rn>body will kih)\v. at least for sunu years. Or liovv 
ahiUit a cilN that dumps raw scwajjc ittlo the river? The rivers will 
take the raw sewaue and dump it into the lake. Vou won't have to 
wurrv about that sewa^^e but you will be preventing people from 
tishin,u and swimnunj4 downstreatn front your scwaye pipe. In the 
shori-run. it is elteaper tor a company who has an oil spill itot to 
eleati it tip. but >ou wouldn't be too happy it'that oil tVuiitd its way to 
votM* beach. U is cheaper for boat owiters tiot to have proper toilets 
i>n Iheir boats, and it is cheaper to duittp your wastes into the lake 
than to take care of them properlv. These are short term savings. 

Ifwe.uo atier these short. term eeoiiontic ^'benefits'', in (he long 
rtui. Lake Superior will eit\iroitntentally age in a huiTV, atul we won't 
ha\e the clean water for boatiiiji, fishing, and for living that we have 
now. Si) in tfie lon^ ruit we have an important stake in maintaining 
clean ri\er waters. 

How can we keep the water clean? Probably the b«'st answer to 
that question is: don't put any pollutants into the water. This can be 
accomplished only by installing proper muitieipal sewage syj^ictus, 
by beittg careful how we use pesticides and fertilizers, by keeping our 
water-craft in good repair and by notieing what other people are 
Joing; that is. cili/cns have an obligation to see to it that all 
members of a ci)mmunity contribute to clean water. 

EFFeCTS OF CHANGES ON WATER QUAUTY 

We metttioned a little earlier that a change in turbidity and 
nutrients can affect the amount of dissolved oxygen in the water 
thereby killiitg off tlsh and other desirable anitnals and plants. At 
the sante iin)e a ''home ' is constructed for less desirable plants and 
animals. 

PH 

A change in pH will affect water taste and will affect the 
breeding habits of fish. pH is used as a measure of the acidity or 
alkalinity of water. For example, the pH ot 1 is very acid, a pH of 7 is 
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ncutrali ami a pH i>t means lhal the water is alkaline. Vinctjar has 
a pH ut'approxinuuely 3. One quart ul vinejiar added to a 25 jjalKm 
ta!ik of water ut pH 7 wouUl change the pH of the whole tank to 5. 
The yiieatei the de\ iation oi a liquid^ pH tVon\ thai of 7, the easier it 
will eorr^Hle metal objects, and thus beeome polluted with metals. If 
you have any leuil pipes in your w ater supply system^ for example, 
the more acidic yoiu* water is, the greater tiie possibilities of lead 
poisouiuj;;. 

Fecal conform 

A change in the bacteria count can cause untreated water to be 
unfit for drinking and swimming depending on how high the 
bacteria count is. 1 he higher the count, the more unsuitable it is for 
people to drink the water or even wash in it, 

Temporaturo 

I hernuil pollution (an increase in temperature), also has an effect 
on water quality. A change in temperature could do any or all of the 
following: Increase the possibility of algae blooms; alKnv germs to 
h\e longer in swimming areas; make germs tnore lethal to tlsh, 
causittg large tish kills; cause poisons to become more toxic, atid 
killing i»f Hsh directly bv a temperature increase. Sometimes a ^^^F to 
y\' temperature increase is enougli to kill jicnsitlve tlsh. Lethal 
temperatures for certain sport fish are: trout, 77^F; walleye, 86^F; 
yellow peivh, 84-88''F. 

A change In temperature will also effect the kind of fish that 
will become dominant in a stream. The Columbia River of Oregon, 
for example, is only a few degrees frotM changing from a stream 
d?.)minated by trout and salmon to a stream dominated by walleye 
and smallmouth bass. Increased temperature in Lake Superior 
could result in increased abundance of alewife. Not only are fish 
affected directly by a change in temperature, but their foi>d supply is 
also affected as a higher temperature will tend to encourage the 
growth ot stream-choking weeds. 
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Toxic mmtBrials 

Toxic nuiii'rials have been mentioned before. Many trace 
metals have an effect on the fish population. Metals sueh as copper, 
chromium, mercury and /ini?. for instance, can affect fish that are 
iniponam to recreation ami commercial fishing. Lake trout, 
whiiefish ami lake herring* are quite sensitive to these trace metals. 
These nietals are depositeii in Lake Superior from two main sources; 
natural erosion of rocks containing these metals and industrial 
activities. 



oecisioNs . . . oeasiONS . . . 

Now that we have an idea concerning the importance of water 
quality in our area, you can begin to think about what kinds of 
decisions concerning pollution and water quality vou must make in 
the next ten years or so. The center of this book contains a section 
describing the water quality in your county. The water quality 
appears to be relatively high es-.-ept possibly for high bacterial 
ctnitits in portions of some streams. In almost all cases, the amount 
ot solids in the streams are well within water quality standards as is 
the dissolved oxygen content. The presence of toxic substances In the 
streams has not been studied except for copper concentrations and 
iron concentrations. It appears at the present that copper and iron 
concentiatiojis are not a hazard to public health. 

Questions 

What vyater quality means to you depends on several things: 
where you live, what you do for a living, where you play, and what 
your responsibilities are to local government. Let's first take a look 
at how "whert you live" could affect what kind of decisions you have 
to make. For instance, you may live in a town that has a municipal 
sewage treatment plant. If you do. it may have only primary treat- 
ment facilities. In that case, you could, in the near future, be asked 
to vote on a bond issue in order to finance the construction of a sec- 
ondary treatment plant. If you live in a town served by septic tanks 
rather than municipal sewage facilities, you may be faced with the 
decision of the building of municipal sewage facilities or mixiifying 
your septic system to conform with state codes. You may be fortun- 
t-'"ough. however, to live in an area where your sewage treatment 
facilities will need no changes in the next ten years or so. 

"Where you work" is going to have some effect on what kind of 
decisions you are going to have to make in the next ten years. Ii"you 
are in the recreational or tourist industry, you may find that your 
economic interest in clean water will require you to inform your 
customers about ways to help keep the water they use clean. Tnere 
are some streams right now in the four county area having bacteria 
counts so high that swimming in parts of these streams could be 
hazardous to health. 



\ou may tuul voiirsdl at an NIH)FS icxplaiiicJ later in tho 
booklet) pcrniii hcariii.u in imkr to see that oiIkm busiitcsscs arc 
ivi|U!rai to w'lcau up thoir (lisv'liaryt*s into bodies ol' vvaior ot inipor- 
tatkv to sou. It vou arc cointcctwl with att ocwuipatioii or business 
located i\Um^ a sircatn \ou ma> Inui that the cost ol'iloiiijj business 
uill j^o up during the next ten years it* your sewa.ue t'aeililies do tiot 
insure a Urn ett(Uij{lt bacterial count in the stream on which your 
place oi business is located. Vou may even find that you arc 
discharyini; toxic materials into a stream and be faced with an 
alternative methiHl of disposin.u of your wastes. 

Where you play, the type of recreation you are interested in, will 
be affected by other people's decisions on water quality comri>l. and 
you may be faced with the task of deciding whether your recreation 
or siuneone else's business profits will be tiiaximi/ed. We are 
reaching a point where municipal wastes, wastes from businesses, 
atid wastes from residential septic tanks may interfere with fishing, 
swimming, canoeing, tubing, boating and luher forms of water 
recreation. 

Lwal government leaders, however, will find that they have the 
greatest responsibilities for clean water in the n-^xt ten years. Most 
municipalities in the four county area do not have the secondary 
sewage facilities which are required by the new water quality 
standards. Decisions which have to be made then, will not be 
concerned with whether or not to have secondary treatment 
facilities, but rather how sikmi the community can have them 
installed, what kind of costs are involved and how much help the 
community can get from the state and from the national 
government. 

NATIONAL WATER QUALITY STANDARDS 

Let us now take a look at what the Federal government is doing 
to help us keep our water clean. 

The Environmental Protection Agency (EPA) feels that we have 
a fcileral water policy which will cleati up our water by 1985 if it can 
be implemented. Amendments to the Water Pollution Control Act of 
lMo5 were passed by Congress on October 18, 1972. New goals fur 
water quality have now been established along with enforcement 
prov isions that are practical and, even something new — a relatively 
easy way for the ciii/en to take part in establishing water quality 
standards for specific water uses. 

Briefiy. the 1972 Act (Public Law 92-500), established the 
National Pi^llutant Discharge Elimination System (NPDES) which is 
a nevs natiiMial permit ^>stem whose purpose is to coiitrol discharge 
of pollutants into the nation's waters. This permit program is only 
pan of tlic comprehensive effort set in motion by the 1972 law to 
prevent, reduce, and eliminate water pollution. This new federal law- 
contains real "teeth", but the states still retain primary 
responsibility lo combat water pollution. The 1972 law has now 
established a tight regulatory system with detailed reqtiirements, 

(Continued on page 9) 
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The tollo>ving river basins 
Iron River Basin 
Flaj* Ri^'T Basin 
CrauberrN i^ivcr Hasin 
Siskiwlt River Basin 
Sam! River Basin 
Raspberry River Basin 
i'ikes CreeJi Basin 



were sampled in Bayfield County: 
Onion River Basin 
Sioux River Basin 
Bi)yd Creek Basin 
Whittlesey Creek Basin 
Fish Creek Basin 
White River Basin 



ANALYStS 

Sampled Mto loeations are imlicated on the ntap on paae two. 

I he results ot analysis of the water eollceted showed that water 
Mua luy is generally hish with no temperature problems. Suspended 
solu s pH. nutrients, and dissolved oxygen all fell within acceptable 
limits in each ot the basins with the exception of the Bojd 
Basin. 1 he Boyd Creek Basin will be described in detail later in thi^ 

The bacteria (fecal colitbrm) count, however, was high at certain 
collectum points. Water used in recreation should noT have more 
than two hundred bacteria per one hundred milliliters on the 
average and not more than four hundred bacteria per one hundred 
milliliters in ten percent of the samples taken in any mom" 

eXPLANA riON OF TABLES ANO GRAPHS 

The information collected in Bayfield 
County is ofterect to you in two forms.' Sus- 
-pended solids. pH. nutrients, temperature, 
biochemical oxygen demand (BOD) and dis- 
solved oxygen (DO) are presented in tables. 
The bacteria (fecal colifovm) count is pre- 
sented graphically. Graphs show fecal 
coliturm bacteria bv collection site. At each 
site the high, average (geometric mean) and 
low counts are symboiized in the mann?r 
shown at the right. There are also two hori- 
zontal lines on each graph, one at two hun- 
dred bacteria per one hundred milliliters (ml) 
and the other at four hundred bacteria per 
one hundred milliliters (ml). These symbolize 
the state standards for fecal coliform counts 
as explained on page thirteen of this booklet. 
Each iample collected is symbolized by a 
round dot. 
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IRON RIVER BASIN 

The Iron River is tbrnied from Iron Lake and flows northeast into 
the town of Iron River, Wiseonsin, and then northwest into Lake 
Superior. Mud Lake, which is located one mile north of Iron Lake, 
contributes water to Iron River also. Tributviries of Iron River in the 
order of their entry into the stream are: Halls Creek, Muskeg Creek, 
East Fork, and Resch Creek. The Iron River drains slightly more 
than 142 square.miles and lies in the following political subdivisions 
of Baytleld County: Orienta, Trinp, Irr n River, Hughes, and Oulu. 
According to the 1970 census, approxin attly 70% of the 1300 people 
who live in the Iron River Basin reside in Iron River and the resort 
country immediately to the southwest of Iron River. The community 
of Iron River has relatively new sew*age treatment facilities and their 
secondary sewage treatment system discharges treated waters into 
Iron River, north of the city. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 


69.1 CO 


0.250 


21.890 


17 


PH 

in pH units 


8.290 


7.400 


7.730 


14 


Temperature 
inOc 


23.000 


2.500 


14.060 


20 


Dissolved oxygen 
in milligrams per liter 


11.620 


5.900 


8.290 


20 


Biochemical oxygen 
demand in 
milligrams per liter 


6.970 


0.440 


1.660 


16 


Nitrate 

in parts per million 


0.663 


0.056 


0.194 


20 


Total phosphate 
in parts per million 


0.962 


0.037 


0.122 


15 
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FLAG RIVER BASIN 

The Flajj River rises from springs and flows north and northwest 
into Lake Superior. The largest tributary of the Flag River is the 
I'^ast Fork. Total drainage area is a little over 49 square miles. The 
basin is located primarily in the Port Wing portion of Bayfield 
County and has a population of slightly under 4()0 people. Most 
individuals live in Port Wing, locat^'d on the mouth of the Flag 
River. Sewage facilities for Port Wing e.xist in the form of two stab- 
ilization ponds located In tne "Bibon Lake" area of the mouth of the 
Flag River. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 



PH 

in pH units 



Dissolved oxygen 
in milligrams/liter 



in milligrams/liter 



Nitrate 

in parts per million 



488.200 4.950 27.550 10 



8,050 - 7.500- - 7.740 10 



Temperature ,90^0 ggQQ ,33^3 ,q 



10.330 6.980 9.197 



Biochemical 

oxygen demand 3.290 0.440 1.310 8 



0.586 0.026 0.164 10 



Total phosphate o.097 0.031 0.067 10 

m parts per million 
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CRANBERRY RIVER BASIN 

The Cranberry River rises as the Kast Foi'k and flows north to the 
l.enawee tributary which joins the East Fork on the township 
division line. 1*he trunk stream then flows .lorthwest to Lake 
Superii>r, draining a basin slightly more than W square miles* The 
Cranberry River Basin is Iwated primarily within the Clover and 
Port Wing areas of Bayfleld County. This basin has a rather stable 
population of approximately 3(K) people, the majority of which live 
in Herbsier. located on the east bank of the mouth of the Cranberry 
River. Sanitation facilities for Herbster exist in the form of private 
septic tanks. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 


473.200 


1.300 


13.830 


8 


PH 

in pH units 


7.900 


7.500 


7.700 


8 


Temperature 
inOc 


19.000 


•11.000 


14.000 


8 


Dissolved oxygen 
in mtiligrams/liter 


11.300 


8.040 


9.720 


8 


Biochemical 
oxygen demand 
in milligrams/liter 


2.180 


0.860 


1.370 


6 


Nitrate 

in parts per million 


0.322 


0.042 


0.109 


8 


Total phosphate 
in parts per million 


0.155 


0.041 


0.072 


8 
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SiSKiWiT RIVER BASIN 

Formed from overflow waters of Siskiwit Lake, the Siskiwit River 
flows northeast through Littie Siskiwit Lake and then north 
eventually into Siskiwit Bay in Lake Superior on the north side of the 
community of Cornucopia. Sanitation for the village of Cornucopia 
is taken care of by private septic tanks. This drainage basin of 
approximately 26 square miles is located almost entirely in the 
Bayfleld County subdivision of Bell. The area contains a population 
of slightly more than 200 individuals, most of whom live in the 
village of Cornucopia, which is located immediately west of the 
Siskiwit River Basin, making the permanent population of the 
Siskiwit Basin itself closer to 75 than 200. 

Cornucopia Harbor, located on the mouth of the Siskiwit River 
and about one-fourth mile north of Cornucopia, provides a mooring 
and docking site for Ashing and pleasure craft. This harbor has two 



Water 

quality 

variable 



Suspended solids 
in parts per million 



PH 

in pH units 



Temperature 
in OC 



Maximum Minimum Average 
value value value 



476.900 0.830 17.079 



7.950 7.300 



7.697 



18.000 12.000 14.270 



Number of 

samples 

taken 



Dissolved oxygen 
in milligrams/liter 



10.370 7.070 



9.119 



Biochemical 
oxygen demand 
in milligrams/liter 



4.840 0.680 



1.364 



Nitrate 

in parts per million 



0.489 0.100 0.165 



Total phosphate 
in parts per million 



0.094 0.071 



0.080 
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small slips off the main course of the river, plus a long breakwater 
pier, extending into Lake Superior and which provides protection for 
permanent iocking during the open water season. There are 
apparently no sources of pollution in the basin with the possible 
exception of campsites and cabin areas. 
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SAND RIVER BASIN 

The Sand River flows northeast into Sand Bay, Lake Superior. 
Racket Creek is the only named tributary and enters the Sand 
immediately south of the state highway 13 bridge. Approximately 
300 people live in the drainage basin which is slightly over 40 square 
miles in size and lies almost entirely in the Bayfield County subdivi- 
sion of Bayfield. The western limit of the Red Cliff Indian Reserva- 
tion is found in the extreme north portion of the basin along the 
south shore of Lake Superior. No resorts, campground facilities, 
industries or residential centers are locate<' in the basin and the 
population is scattered throughout the area, implying that the 
pollution pressure is probably quite low in the basin. The Sand River 
has characteristics similar to the Siskiwit and Cranberry Rivers in 
that the wastes carried by the river are relatively low, but the river 
does not have a capacity to take on additional organic matter and 
probably cannot handle a great deal of increased pollution pressure. 



Water Number of 

Quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 



PH 

in pH units 



Temperature 
inOC 



Dissolved oxygen 
in milligrams/liter 



Biochemical 
oxygen demand 
in milligrams/liter 



Nitrate 

in parts per million 



Total phosphate 
in parts per million 



219.100 3.370 40.350 



8.050 7.500 7.783 



19.000 14.000 15.980 



9.820 7.540 8.568 



2.260 0.830 1.474 



0.233 0.100 0.135 



0.158 0.041 0.087 
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RASPBERRY RIVER BASIN 

The Raspberry River tends to be sluggish as it flows north and 
northeast to its entry into Lake Superior at Raspberry Bay. This 
basin drains part of the extreme northeastern section of the Bayfield 
peninsula. The basin contains approximately 17 square miles and 
lies entirely in the Baytield County subdivision of Russell with a 
portion of the Red Cliff Indian Reservation also contained within the 
basin. Approximately 500 people live in the RusseP subdivision but 
probably not more than 100 live scattered throughout the basin 
because the majority of the people live in two villages* Red Cliff and 
Sand Bay» both of which lie outside the Raspberry drainage area. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 



PH 

in pH units 



Temperature 
in^C 



Dissolved oxygen 
in milligrams/liter 



in milligrams/liter 



Nitrate 

in parts per million 



Total phosphate 
in parts per million 



47.800 12.050 22.123 



8.000 7.500 7.717 



15.500 13.000 14.320 



9.020 7.430 8.290 



Biochemical 

oxygen demand 2.960 1.120 1 .870 



0.859 0.096 0.228 



0.144 0.045 0.080 
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PIKES CREEK BASIN 

Pikes Creek generally flows in an easterly direction to its entry into 
Pikes Bay, Lake Superior. North Pikes Creek, the only named 
tributary, joins the main stream and drains the eastern portion of 
the basin. The headwaters of this creek lie over 4(X) teet higher than 
Lake Superior. The basin experienced flash flo xls in 1942 and again 
in 1946. The area drained by the basin is approximately 33 square 
miles. The Pikes Creek basin, containing approximately 250 people, 
lies in Baytteid County in the subdivisions of Bayfield and Russell. 
There are no lesidential concentrations within the basin as the 
inhabitants live in rural homes scattered throughout the area. A 
potential source of pollution consists of the Port Superior Marina 
complex, located near the mouth of Pikes Creek. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 

f^L^rt.'^nlmimnn 84.000 2.700 14.670 4 
in parts per miihon 



PH 

in pH units 



7.7Ca 7.100 7.450 



Temperature ^g^^Q ^qqq ,2.000 6 
in 

Dissolved oxygen ,q qqq ^ g 2oo 5 
in milligrams/liter 

Biochemical 

oxygen demand 2.000 1.000 1.500 3 

in milligrams/liter 

r"^^^^® .... 0.444 0.083 0.270 4 
mparts per million 



Total phosphate q ,73 Q^gQ Q^g^ 

in parts per million 
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ONION RiVER BASiN 

The Onion River originates in northeastern Bayfield County and 
flows southeast through the town of Bayfield before entering Lake 
Superior. 

The Onion River Basin is only six square miles in area and con* 
tains about SO people. There are no residential concentrations in the 
basin* but the Bayfield CampgroundSt a recreation site, is locatea 
near the mouth of the main stream and is the only possible site of 
pollution potential. The stream has a high fishery resource potential 
and the water quality is currently adequate for maintenance of fish 
stocks. 



Water ^ Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 



PH 

in pH units 



Nitrate 

in parts per million 



8.400 0.800 2.700 



7.900 7.500 7.700 



Temperature ^^^q ^^qq ^q^qq 

pssotyed oxygen , , ^q^^ 

in milligrams/liter v.ouu lu.tuu 

BiocfTSmtcal 

oxygen demand 1.100 0.700 0.890 

in miMigrams/liter 



0.457 0.406 0.439 



m?JrJ^^^^^^^^^ 0-178 0.1 12 0.141 

in parts per million 
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SIOUX RIVER BASIN 

The Sioux River begins in a swampy area and has two main 
tributaries: Fourmile Creek and the Little Sioux River. The main 
stream tlows in an easterly and northeasterly direction on its way to 
Lake Superior. The basin drains eighty four square miles and 
includes parts of the Bayfield County political subdivisions of 
Washburn, Bayview, and Bell. This region has a population of less 
than three hundred; however, there are no residential concentrations 
within the basin. The basin also does not contain any industries of 
significant pollution potential. The stream apparently is in relatively 
good condition and the most probable area of water quality degre* 
dation occurs in the vicinity of the mouth. If an increased sewage 
load would occur, it is possible that migration of fish up the river 
would be blocked on occasion. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 



Suspended solids 
in parts per million 


107.000 


4.000 


1S.800 


4 


PH 

in pH units 


7.700 


7.300 


7.B00 


4 


Temperature 
in OC 


19.000 


6.000 


13.000 


6 


Dissolved oxygen 
in milligrams/liter 


10.700 


7.400 


9.100 


5 


Biochemical 
oxygen demand 
in milligrams/liter 


1.600 


1.100 


1.400 


3 


Nitrate 

in parts per million 


0.186 


0.109 


0.128 


4 


Total phosphate 
in parts per million 


0.123 


0.107 


0.115 


2 


Fecal coiiform 
organisms/100 milliliters 


14.000 


14.000 


14.000 


1 
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BOYD CREEK BASIN 

The Boyd Creek Hows easterly into Lake Superior and has poorly 
developed, unnamed tributaries. During much of the year, the main 
stream discharges intermittently. The stream drains a basin ofless 
than tjvx> square miles and lies entirely in Bavtleld County, euttine 
across the polmea! subdivision of Barksdale. The population of this 
basin is small, with only scattered farms throughout the region. This 
small bastn would not have been chosen for analysis except that it 
contains the site for a once important industry: the E.I. du Pont de 
Nemours & Company Barksdale military explosiyes plant. In the 
immediate past the production of this TNT product produced wastes 
including acid washings, cooling waters, and sellite wastes, or "red 
waters , which were discharged to a ridge and furrow irrigation 
system which overflowed into Boyd Creek. Pnxluction has stopped 
at this site and will probably not be resumed in the future. As a 
result ot pollution from this plant Boyd Creek in the past contained 
no aquatic lite. Recent studies however, imply the stream is 
recovering biologically. Although not expected to add continued 
pollutants to this basin in the future, this site is still responsible for 
he addition ot nitrates to Boyd Creek due to the leaching of spoil 
banks tound in the area. ^ 



Water 
quality " 
variable 


Maximum 
value 


Minimum 
value 


Average 
value 


Number of 

samples 

taken 


PH 

in pH units 


8.400 


7.000 


7.500 


8 


Temperature 
in 


21.000 


2.000 


13.400 


9 


Dissolved oxygen 
in milligrams/liter 


15.200 


7.800 


10.300 


9 


Nitrate 

in parts per million 


4.470 


1.340 


3.350 


10 


Total phosphate 
in parts per million 


0.340 


0.070 


0.139 


8 
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WHITTLESEY CREEK BASIN 

Two spring ted streamlets give rise to the headwaters of 
Whittlesey Creek. The creek tlows southeast to its entry into Lake 
Superior* flowing underground for almost two and a half miles 
because of severe sedimentation in the main stream. The only named 
tributary is the North Fork, although there are several other small 
tributaries. The area drained by this basin is 25 square miles and is 
contained within the Barksdale political subdivision of Bayfield 
County. The basin has a population of less than 300 persons distri- 
buted throughout the region. 



Water 

quality 

variable 



Suspended solids 
in parts per million 



PH 

in pH units 



Temperature 
in OC 



Maximum 
value 



Minimum Average 
value value 



78.000 



2.800 15.500 



7.800 



7.500 



14.000 



7.700 



7.000 1C.800 



Number of 

samples 

taken 



Dissolved oxygen 
in milligrams/liter 



10.900 



9.500 10.200 



Biochemical 
oxygen demand 
in milligrams/liter 



1.000 



0.300 0.900 



Nitrate 

in parts per million 



0.638 



0.212 0.401 



Total phosphate 
in parts per million 



0.195 



0.107 0.144 
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FISH CREEK BASIN 

Fish Creek begins its flow to Lake Superior as a sheet*flow area. It 
begins as the North Fish Creek and has a contributing inflow from 
Pine Creek south of Moquah and South Fish Creek entering the 
main stream near Lake Superior. The main stream flows in a north- 
easterly direction, entering the lake after draining approximately 
one hundred forty seven square miles. Fish Creek flows through the 
Bayfleid County political subdivisions of Mason, Delta, Keystone, 
Kelly, Pilsen. and Eileen. The population of the basin is about one 
thousand, with no major residential concentrations, although there 
are several small communities typifled by Benoit, Moquah. and Ino. 
The low potential in the Fish Creek capacity to assimilate waste 
materials is located at the mouth, and any large addition of waste 
matter here would exert a detrimental e^ect. 



Water Number of 

quality Maximum Minimum Average samples 

variable value value value taken 

uTnlerm^^^^^^^^ 8.500 40.210 8 



PH 

in pH units 



Temperature 
in OC 



in milligrams/liter 



Nitrate 

in parts per million 



Total phosphate 
in parts per mitlion 



7.800 7.400 > 7.600 8 



22.000 6.000 14.200 11 



Dissolved oxygen g 

in milligrams/liter iu.«w /.ivw 

Biochemical 

oxygen demand 2.100 0.800 1.300 4 



0.289 0.031 0.172 10 



0.315 0.129 0.173 
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WHITE RIVER BASIN 

The White River begins its flow to the Bad River as several 
individual streams which originate in different lakes located in west 
central Bayfield County. The White River covers an area of a little 
less than four hundred square miles* The population is relatively 
small in this area with a concentration of approximately one 
hundred people in the community of Mason. Mason has no public 
sewage treatment facilities at this time, and most of the basin 
inhabitants are employed in agriculture. The White River enters the 
Bad River just south of the town of Odanah. 



Water 

quality 

variable 


Maximum 
value 


Minimum 
value 


Average 
value 


Number of 

samples 

taken 


Suspended solids 
in parts per million 


19.600 


6.300 


9.800 


9 


Biochemical 
oxygen demand 
in milligrams/iiter 


3.500 


2.500 


2.800 


3 


Fecal coliform 
organisms/I 00 miilititers 


30.000 


15.000 


21.200 


2 
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siiviunlinwl cntoivcment pnvcduivs ami hcavv penalties for 
violaiions. Hsscntial to this system tor control of water pollution are 
tfjese requirements: 

1. i;PA is establishing national performance standards for 
si)inves .»r water pollution including factories, power plants, 
sewage treatment plants, and animal feed lots. Maximum 
amounts ot pollution that any one may discharge into a body 
ot water are being established, and some pollutants will not be 
allowed to be dumped into our waters at all. 

2. The law requires industries to use the "best practicable" 
technology to control water pollution by July 1. 1977 and the 
"best available" technology by July 1. 1983. The term "best 
practicable" means that factors such as age of equipment, 
facilities invt)lved. process employed, process changes, control 
techniques and environmental impact apart from water 
quality are taken into consideration. "Best available" techno- 
logy is the highest degree of technology proved to be desirable 
tor plant scale operation. 

.V The law requires publicly-owned waste treatment plants to 
pro\ ide a minimum of "secondary treatment" by July 1 . 1 983. 
"SectMHlary treatment" is a methtxl of purifying waste water 
using biological processes. It is possible for up to 90 percent 
ot the organic matter in sewage to be removed by making use 
ol the contained bacteria. 

4. For various kinds of industrial plants, the EPA will issue 
separate national performance standards that will set 
pollutant limits based on the best available demonstrated 
control technology, including, when possible, no discharges of 
pollutants at all! 

TheNPDFS permit is the mechanism for insuring that pollution 
Imiits are met. that necessary technology is applied, and that all 
requirements of the 1972 law for controlling discharges and 
complying with water quality standards are met on schedule. Under 
the 1972 law. it is illegal to discharge any pollutant into the nation's 
waters without an NPDES permit. 
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This docs not mean that a permit is a license to pollute. Rather, 
the permit regulates what may be discharged and how much. It sets 
specific limits on what each source may discharge. It commits the 
discharger to comply with all applicable provisions of the 1972 law. 
If the discharger cannot comply immediately, the permit sets firiTi 
target ilates. The permit commits the discharger to reduce or 
eliminate his discharges in an orderly fashion, in specitled steps at 
specified times. The commitments are legally enforceable. If a 
permit contains a compliance schedule, each step can be enforced 
without waiting for final compliance, and clear limits are put on 
discharges while the discharger is moving toward compliance. 

The permit system also requires dischargers to monitor their 
wastes and to report the amount and kind of its components. 

There are two guarantees that an NPDHS permit will not become 
a license topollute.*First of all, if a discharger violates the conditions 
of a permit or makes illegal discharges without a permit, he could be 
fined up to $10,0(X) per day. If a discharger can be shown to have 
violated the law by willfulness or negligence, he can be fined up to 
$25.{X)0 per day and be given one year in prison for the first offense, 
and up to $5(),0(X> per day and two years in prison for subsequent 
offenses. The KPA can require dischargers to comply with per- 
mit conditions bv issuing administrative orders, which are 
enforceable in Federal court, or by seeking court action itself. The 
second guarantee that an NPDHS permit will not be a license to 
pollute is that the entire permit process has to be carried out with 
public knowledge. Under the 1972 law, permit applications and 
proposed permits are available to the public so that the public has 
an opportunity to attend an open hearing before the permit has been 
issued or denied. The per. nit with all conditions and requirements is 
also a public d(K*ument and the monitoring information that permit 
holders must report is also public information. So the NPDES 
permit system enables any affected citizen to find out what a polluter 
is discharging into the water, what the polluter must do, when to 
control the discharge, and u7n7/i(T thepollut**r is meeting (he legal 
requirements imposed by the permit. 

Recapping, the intent of the 1972 law is that by July, 198,1. 
wherever possible, all surface water will be water that is clean 
enough for sw inuning and other recreational use, and clean enough 
to protect fish, shellfish, and wildlife. After 1985, no more 
discharges of pollutants into the nations waters will be permitted. 
The NPDES permit program is the instrument of progress toward 
these goals. 



STATE WATER QUALITY STANDARDS 

The State of Wisconsin has designed water quality standards for 
all Wisconsin's surface waters and these standards can be found in 
chapters NR 102. 103, 104 and 105 of the Wisconsin Administrative 
Cixie. 1 his portion of the Wisconsin Administrative Code can be 



obtained at many Department of Natural Resources (DNR) oft'ices. 

I he water quality standards set down in the Administativc Gvie 
are there because water quality has to be maintained to make water 
suitable for varied uses. The ultimate goal for water quality in the 
state IS to provide multiusc water for all people and wildlife; water 
that IS aesthetically pleasing, can be used for agriculture, industrial 
use. we can drink, we can use for power, and not the least of all. we 
can use tor recreation, in short, water qualitv standards are provided 
tor us m order to protect all the people in the state from misuse of 
one of our most important natural resources. 

Water quality standards are not static. They change with 
changing needs and changing technology. In fact, the water qualitv 
standards tor Wisconsin's surface waters, chapter NR 102 and NR 
m ot the .Administrative Cwle. has been signit'icantly chanced as 
late as October 1973. 

In order for us to better understand the meaning of the water 
quality set forth in the Administativc Cixle. we are going to look at 
what those standards might mean to a typical section of a clean 
river. Let us consider a sectitm twenty feet long, ten feet wide, with 
an average depth t^f about five feet so that the volume of the section 
ot the river we are looking at will be 1000 cubic feet. 
1. Speaking generally, all waters should meet the following condi- 
tions at ail times no matter what the rate of flow of the water is. 
and tio matter who is using the water; that is. whether the water 
is being used for some industrial or cornmerical use. house- 
hold use. farm use or recreational use. 

a. There shtiuld be no objectional deposits on the shore or in 
the bed of any body of water. 

b. No objectional material, such as oil or other debris, should 
be tlmiting or siibmerued in any body of water. 

c. I'he right of the public may not be infringed upon by 
materials that produce any unsightliness or effect the 
aesthetic quality of the water adversely, such as producing 
an objectional color or taste. 

d. I o\u- substances in concentrations harmful to human life or 
plant and animal life will not be permitted in the waters of 
the state. 




2. Staiutards Tor fish and aquatic lite: Waters that are classitlfd for 
tlsh and aquatic life must meet the tollowing standards; 

a. Dissolved oxygen: Kxcept for waters ch^ssitied as trout 
streams, dissolved oxyjjen content in surface waters is not 
permitted to be less than .0007 ounces per gallon (5 milli- 
grams per liter) at any time. 'I'hat means in our twenty-foot 
section of river we would have just about a tf)ird of a pound 
of oxygen dissolved as a minimum at any tinie. If you had a 
third of a pound of oxygen setting on your back porch, it 
would easily tit into a twenty-five gallon drum, 

b. leniperature: 

tn Any temperature change that has bad effects on water 

life is not permitted. 
l2) Natural temperature changes of water should not be 

tampered with. 

If warm water is being mix«^d with the water in a stream 
or lake, the maximum rise in temperature at the edge of 
the niixing area should not be more than S'^F for streams 
and .^""F for lakes. The temperature of a lake or stream 
should not be raised above 89°F. 

c. pH: I he pH should range from 6 to 4 and no change greater 
than 0.5 units from estimated seasonal averages should 



ERIC 



I 



wcur. Less than a thinible-full of sulfuric acid could change 
lljc pH of our section of stream from 7 to 5. The condition of 
oHv water can be fragile and easily changeable at times. 

d. No substance that alone or in combination with other 
materials that may be toxic to fish, or other water life, should 
be added to surface waters. 

e. Trout waters; Standards on trout waters are higher than 
other waters. 

U) If natural trout repr<»duction is to be protected, there 
can be no significant artificial increase in temperature of 
those waters. 

(2) Dissolved oxygen in trout streams sfiould not be less than 
().(X)08l) ounces per gallon (6 milligrams per liter) at any 
time. During spawning the dissolved oxygen shouldn't be 
lowered to less than .0009 ounces per gallon (7 
milligrams per liter). Six milligrams per liter is the same 
as 0.37 pounds of oxygen in our section of river at any 
time. During spawning, no less than 0.44 pounds of dis- 
solved oxygen should be found in our section of river. 

O) The dissolved oxygen »n any Grcat Lake tributary used 
by stocked salmonids for spawning runs shouldn't be 
lowered below the natural amount while those fish are in 
the tributaries. 

3. Standards for recreational use: Protection from fecal contamin- 
ation is the chief determiner of the suitability of surface waters 
for recreational purposes. In addition, some bacterial guide- 
lines have been established. 

a. The fecal coliform count should not be more than 200 per 
100 milliliters on the average, and never should be more than 
400 per 100 milliliters in more than 10 percent of all samples 
taken during any month. That means the average number of 
fecal coliform bacteria in our section of the river should 
never be more than 3 million. 

4. Standards for public water supply: Public water supply waters 
should meet the standard for fish and aquatic life and recrea- 
tional use. But they should also meet additional standards 
where the water is withdrawn for treatment and distribution as 
drinkable water. 

a. Dissolved solids: Dissolved solids should not exceed .07 
ounces per gallon (500 milligrams per liter) as a monthly 
average and they shouldn't exceed .1 ounce per gallon (750 
milligrams per liter) at any time. That means that in our 
section of river the dissolved solids shouldn't be more than 
31 pounds as an average and never more than 47 pounds as a 
maximum at any time. 

b. The intake water supply must be such that with appropriate 
treatment and adequate safeguards it will meet the 1%2 
Public Health Service Drinking Water Standards. 

c. Concentrations of other contituents must not be hazardous to 
health. 
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GUIDELINES FOR APPLICATIONS OF 
STATE WATER QUALITY STANDARDS 



1. Fish, watcrlifc. and recreational use standards are expected to 
be met by all waters throughout the state of Wisconsin by Janu- 
ary 1. 1983. The surface water standards use classitications are 
to be reached by July 1, 1077. The State recognizes that there 
w ill be some small number of situations which will not be con- 
trollable by techttology by 1983. Some variances from the 1983 
water quality standards may be provided for those technical 
reasons. 

2. Anti-degradation; No degradation of water in the state will be 
permitted unless two conditions are met. The first condition is 
that the degradation goes along with necessary economic or 
social development and that the degradation will not injure the 
waters for any of the uses that are assigned to those waters. 

3. Stream Flow; Water quality standards ordinarily apply during 
tluciuations of stream flow except, possibly, during periods 
when flows are less than the average minimum 7-day flow 
(which iKCUvs on the average once in ten years). 

4. Mixing /.ones: Where wastes mix with surface waters, water 
quality standards must be met outside the area of mixing, The 
si/e of this area of mixing .s based on the type of waste, the 
amount of waste, temperature, current flow, type of outflow, 
shape of channel, and restrictions to fish movement. Mixing 
/ones should meet the following standards: 

a. rhey should be limited to as small an area as possible, 

b. It should be possible for fish a*-.d other water life to avoid 
-mixing /ones. 

c. Mixing /ones shouldn't take up more than 50 percent of a 
river's width or 25 percent of the cross-sectional area of the 
river. 

d For w;istc other iltan heal, one out of every two fish should 
be ahk- to live in the n)ixing /one for % h(^urs. 

0. Mixing /ones siiould not exceed 10 percent of a lake's total 
surface area. 

f. Mixing /ones should not interfere with spawning or nursery 
areas. mii:ratv>ry routes, or mouths of tributary streams. 

g. Mixinu /ones shiuiKl not v>verlap but if they do. measures 
should be taken to prevent wastes from more than one 
mixing /one to interact, unless the interaction causes no 
dan)age. 

5. Resource management exemptions: Applications of chemicals 
for water management resource purposes in accordance with 
law is not subject to requirements of water quality standards 
except in the case of water used for public water supply. A 
variety of methiuls of enforcement of the standards v;ill be used: 
financial assistance, industrial incentives, increased surveillance. 
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orders, and pernuts will by used to achieve and maintain the 
water quality standard. Reasonable time schedules to comply 
with orders and permits will depend on circumstances. All 
nuuucipal sewajje trcatnjent plants shall provide a minimum of 
secondary treatment and waste disinfection. Communities with 
a population of 25()0 and over should have an 85 percent reduc- 
tion ot phosphorus on an annual basis, and there should also be 
removal ot industrial waste containing more than .000.? ounces 
per gallon (2 milligrams per liter) of total phosphorus and 
having an annual phosphorus discharge greater than 8750 
pounds. Any waste water discharger may be required to remove 
excess amounts of phosphorus where such discharges are 
causing over fertilization of surface waters. 



Where to get help 

on water quality problems 



The Center for Lake Superior Environmental Studies (CLSESl 

University of Wisconsin-Superior 
Superior. Wisconsin 54880 

715-392-8101 Extension 303 and 315 
(In 1973 a 210 page report on northwestern Wisconsin river water 
quality titled. "Wisconsin's Lake Superior Basin Water Quality 
Study was published by the University of Wisconsin-Superior and 
Northland College. If your interest group has not yet received a free 
copy please write for one at the above address). 
Northland College 
Ashland. Wisconsin 54806 
715-682-4531 

PUBLIC INTEREST GROUPS THAT CAN HELP 
Business and Professional People Environmental 
for the Public Interest Defense Fund 

109 N. Dearborn. Suite 1001 1910 N. Street. N. W 




Wisconsin Department of Natural Resources 

Bt>x 450 ^ Box 309 




Chicago. Illinois 60602 
312-641-5570 



Washington. D. C. 20036 
202-833-1484 



Natural Resources Defense Council 

1710 N. Street. N. W. 
Washington. D. C. 20036 



202-484-6368 
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CRBDITS 

This county ivpi>rt ow water quality represents the resu»ts of two 
years *>{ analysis coiuiuvied by the Center tor Lake Superior l*nvir- 
oiuncnta! Suulics iC'l.SliS). iMiiversity ol' Wiseonsin-Superior and 
Uu- Siiiurd ()lsi>n Institute ot* Hnvircuinienial Studies, Northland 
Colleue. AslUand. with tnuuieial assistance IVohj Title 1. Higher 
lulucaliiMi Act ol hHi5. 



i:ni l()K: M>ron (). Schiieiderwent, hd.l). Physics Department. 
I'niversitv ol Wisconsin-Superior 

oiiu K iM<i)ji:t I in-.usc)NNi:i- 

rni\ersil> »»! Wisconsin-Superior 

Albert H. Dickas. Ph.D. (ieolo.uy Department. Piojeii Director 
loscph W'. Horttni. Ph.D. C^hcniisiry Department 
KiMiald K. Uoubal. Ph.D. Chemistry Department 
H. Rue/, M.S. (kolo^y Departnient 

NiHihland Cotleee. Ashhuul 

I.elvii St;Hlnvk. Ph.D. Biology DepartnuMit 

D;i\id M. Whisnant. Ph.D. Chiinistry Department 

liiiKx- A. (ioct/. M.S. (ieoiiraphy Department 

Stewart- layUir Co.. art and design by Ken Tunell 

(iraieinl acknowk-dgenieni lo Dr. William A. Swenson* 
I'niwisiis ol Wisct>nsin Superior l:.\fcnsion and Mr. Joltn Paddock. 
Wisomsin Department iil Natural Resources tor helplul comments 
-."voncerninki tlie numuscript. 

.Additional copies may be i»blainetl Irom: 

C I N U K K)K l.AKi: SCPI HIOR IINVIKONMI'N l AL SI UDIliS 
I niversiiy ot Wisci>nsin-Superior 
Superii»r.^ W| MHSl) 
C\b) ,W> 8tt>l I.xt. 3(U 

f»ubhwativ>n nnntber .V ot tite Center tor lake Superior 
l.nsironmental Siudies, Cnivvjsity i»l WiseiMisin-Superior. 
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